In this paper, we test for mean and variance causality between world oil prices and sectoral equity returns in Jordan before and after the Arab Uprisings that started in 2010. The testing methodology is based on the sample of cross-correlation functions that are computed from the standardized residuals of a GARCH process. Our results show that the influence is not uniform across the equity sectors. The oil return shocks significantly impact the Financials and the Services sectors, while its effect is insignificant on the Industrials sector. This result is more pronounced in the period that follows the Arab Uprisings. In terms of risk transfer, we find that oil is a negligible risk factor. However, there is still a significant evidence of risk transmission to the Industrials sector particularly during the Arab Uprisings period. These results represent a unique information transmission mechanism that is useful for risk management and portfolio diversification.
Introduction
Studies of energy economics have increasingly focused on the role of crude oil prices in influencing stock markets' returns Cuando and de Garcia, 2014; Kang et al., 2015) . A crucial issue in this strand of research is related to the effect of oil price return and volatility on stock market activities. Building on cash flow models which state that a stock price depends on expected discounted earnings, previous empirical studies have initially examined aggregate stock market return and volatility but have ignored the impact of oil prices on sectoral stock returns (see, inter alia, Arouri et al., 2011a; Ma et al., 2014; Bouri, 2015a) . Given that crude oil is an intermediate input in the production process, not all equity sectors are affected equally by an oil price/volatility shocks. For instance, one would naturally expect that the oil and gas sector, and to a lesser extent the industrial and the manufacturing sectors, to be the most affected by the international oil market conditions. However, the services and financials sectors are expected to be much less affected by oil price returns and volatilities. Focusing on the crosssector heterogeneity can help portfolio managers better diversify their portfolios across different equity sectors within a particular market to maximize returns and minimize risks. This may also help regulators formulate appropriate frameworks at the sector level.
The few studies that have focused on sectoral indices have mainly examined data from the US (Elyasiani et al., 2011; Qinbin and Mohammad, 2012; Broadstock and Filis, 2014) and Europe (Arouri and Nguyen, 2010; Arouri et al., 2012) . In view of that, these studies have been based on the context of large oil-importing countries, with quite limited evidence provided on small oil-importing countries (Bouri, 2015a (Bouri, , 2015b . However, there is considerable evidence that stock markets in emerging countries, such as MENA (Middle East and North Africa) countries, are different from those of US and European countries in many important ways (see, inter alia, Mohanty et al., 2011) . First, emerging countries in general, and MENA oil-importing countries in particular, are more vulnerable to oil price shocks than industrialized countries because they experience a rapid economic growth and are highly energy intensive (Bhar and Nikolova, 2009 ). Second, MENA oil-importing countries are largely segmented from developed stock markets (e.g. Yu and Hassan, 2008) , suggesting that global investors in oil-importing countries' stocks are likely to achieve better Energy Economics 56 (2016) [205] [206] [207] [208] [209] [210] [211] [212] [213] [214] risk-adjusted returns through international diversification. Third, the stock markets in MENA oil-importing countries are sensitive to regional political developments. Fourth, some prior studies have focused on oilintensive industries such as the oil and the gas sector (El-Sharif et al., 2005; Ghouri, 2006; Boyer and Filion, 2007) and the airline and the transportation sectors (Luft, 2006; Morrell and Swan, 2006; Mohanty, 2011) , while ignoring the less-and the non-oil-intensive sectors such as the industrials and the services sectors that can also be subject to oil shocks . The few studies that have focused on sectoral indices in the MENA region have only considered oil-exporting countries in the GCC (The Gulf Cooperation Council) 1 region Jouini, 2013) . In major suppliers of oil, such as the GCC countries, the stock market reaction to changes in oil prices is usually stronger and bi-directional to some degree . This is due to the dominating role of the energy and gas sectors in those oil exporters compared to non-oil-related sectors such as consumer goods, services, and financials. Accordingly, the relationship between oil price changes and stock market returns is expected to be different (weaker) for sectoral indices in MENA oil-importing countries which have less oil-intensive sectors. Our paper differs from those conducted on GCC sectoral indices in using a different methodology that is based on mean and variance causalities and takes into account the effects of the political unrest that agitated most of the MENA region and affected oil supplies. In particular, we explore linkages between oil prices and sector level data from an oil-importing country, in our case, Jordan. This provides more nuanced conclusions about sectoral stock returns that capture some of the main heterogeneity across these equity sectors. Using different methodological framework and study periods, we address the voids presented in the abovementioned literature and argue that the effect of oil mean and variance on the country-level aggregate market index in Jordan tends to mask the heterogeneity of sector sensitivity to oil price returns and volatilities. In addition, the analysis evaluates the impact of the recent political uncertainty (Arab uprisings) that agitates the MENA region on the linkages between international oil market and Jordanian sectoral indices. This paper complements a growing literature on the oil-stock nexus from a sectoral perspective, even though other global and macroeconomic factors could potentially affect the price discovery process and volatility of the Jordanian equity sector returns.
To proceed with the analysis, a methodology approach based on (CCF) cross-correlation function tests from Cheung and Ng (1996) and Hong (2001) is employed. Unlike the traditional causality test of Granger (1980) which suffer from a number of shortcomings that include the inability to test for causality in variance, the model building requirements, and the possible bias akin to omitted variables (Nakajima and Hamori, 2013) , our methodology is simpler and allows for testing causalities both in the mean and the variance. More importantly, the CCF-based approach is conducted on standardized residuals and squared residuals of univariate ARMAX-EGARCH 2 models that account easily for the non-normality of the return series and the asymmetric responses to positive and negative shocks, making the construction of less flexible multi-dimensional models unnecessary. Similar CCF-based tests were employed by Nakajima and Hamori (2013) in testing causal relationships between wholesale electricity prices, natural gas prices, and crude oil prices. 3 In addition, we conducted several model selection criteria to decide which model has a superior fit, where usually an ad hoc approach has been used. This can help us to more accurately capture the causal relationship in both mean and variance between international oil prices and sectoral stock returns in Jordan. According to Javed and Mantalos (2011) , misspecification in fitting a GARCH-based model can undermine the efficiency of the related estimators, leading to spurious results and potentially missed causalities. This paper makes three main contributions. Firstly, unlike prior studies that generally focused on MENA oil-exporting countries, this paper considers the case of Jordan whose economy is not only heavily dependent on oil imports, but also has one of the most diversified and developed stock market in the MENA region (Bouri, 2014 (Bouri, , 2015b . In this regard, the case of Jordan provides an adequate setting to assess oilstock linkages as compared to other less diversified and less developed stock markets in MENA oilimporters (Bouri, 2014) . This suggests a lower barrier to possible mean and volatility linkages between oil and Jordanian equity market sectors. Recognized by the groups of MSCI (Morgan Stanley Capital International) and Standard and Poor as a frontier market, Jordan is also on the watch list for potential future reclassification as an emerging market. As shown in Table 1 , the stock market of Jordan is virtually fully accessible to foreign investors and has 234 listed companies belonging to three main sectors, namely, Financials, Industrials, and Services. The high ratio of market capitalization to GDP (gross domestic product) emphasized the importance of the Jordanian stock market in terms of the local economy (Bouri, 2014) . As of December 2014, foreign holdings of Jordanian stocks reached 43.20%. Secondly, this paper uncovers hidden relationships between the oil market and sectoral stock returns, suggesting that investors need to be aware of the heterogeneity of equity sectors in Jordan in order to maximize cross-sector asset allocation decisions. Only few studies have already established that equity sectors tend to respond differently to oil price/ volatility shocks in some MENA oil-exporting countries Jouini, 2013) . Nevertheless, these studies have not focused on the effect of the Arab uprisings on the relationship between the international oil market and sectoral stock returns. In this respect, and to the best of our knowledge, this is the first study examining the effect of the Arab uprisings on the sensitivity of sectoral indices to oil price and volatility movements in the MENA region using the causality in mean and variance tests in line with the procedures presented in Cheung and Ng (1996) and Hong (2001) . Thirdly, this paper focuses on the events that had begun in Tunisia in December 2010 and have since then stirred the Arab world. In this regard, the sample period is divided equally into two periods around that time to investigate the asymmetrical impact of the Arab uprisings events on the relationships between the returns and the volatilities of international oil prices and the main sectoral indices in Jordan.
Our analysis yields interesting results: The sensitivity of the Jordanian stock market to oil price movements differs across industries and covers the two periods in question. Those results can help investors allocate their capital more efficiently during turbulent periods. In particular, our analysis refines the understanding on the timing and direction of the transmission of information between the crude oil market and Jordanian equity sectors during a period characterized by political instability. This can facilitate the assumption of hedge positions in response to external information shocks and improve the mean and variance forecasting in the Jordanian sectoral stock market. The rest of the paper proceeds as follows. The background and evolvements of the Arab uprisings are briefly described in the next section, which is followed by a section containing the econometric method. The subsequent section discusses the empirical results and conducts robustness analysis. The final section concludes with policy implications.
The Arab Uprising
Before proceeding with the study, it is pertinent to introduce the background and evolvements of the political and civil uprisings which constitute one of the most dreadful events in the history of the MENA region. The Arab world has been stirred, 1 month before the end of 2010, by unprecedented protests and movements that began in Tunisia by the so-called 'Jasmine Revolution' and led to the fall of the local political regime. These uprisings then spread to Egypt and Libya and brought down long-standing rulers from power before moving to Yemen and Syria, where the movements have dramatically heightened, inflaming ongoing and devastating armed conflicts. Less severe and less persistent protests reached the Kingdom of Bahrain located in the GCC oil-rich region. The rest of the MENA countries have however been relatively spared, with limited forms of protests. Undoubtedly, depressed socio-economic and socio-political foundations were behind the uprisings from poor economic conditions, high unemployment rates, soaring food prices, and persistent corruption (Chau et al., 2014) . Despite their tendencies to offer hope for freedom and democracy, those movements have however provoked severe economic and financial challenges at high costs. The uprisings have intensified an already shaky economic recovery coming out of the global financial crisis of 2008. The high level of risk associated with these uprisings has adversely affected the stock market activities, fiscal/trade balance, labor market, capital flows, and tourism. While the political risk is not new for market participants and policy-makers in this turbulent region of the world, the intensity of the conflicts has been critical.
Methodology
The methodology employed in this paper is based on the test approach from Cheung and Ng (1996) and Hong (2001) which allows for the causalities both in mean and in variance between Brent oil prices and sectoral equity indices in Jordan. Earlier studies on the causal relation between oil and stock markets have relied on the traditional Granger causality in mean test (Granger, 1980) , which is highly sensitive to the lag length choice and is known not to be robust to common features of financial series (i.e. heteroscedasticity, autocorrelation, non-normality). Later studies employed tests within multivariate GARCH models that allow for the analysis of causality both in mean and variance (Hafner and Herwartz, 2008) . However, these tests typically inherit the curse of dimensionality from multivariate models, potentially leading to spurious or missed causalities. In the Cheung and Ng (1996) and Hong (2001) approach, testing for the causality in mean and variance is based on the cross-correlation function (CCF) of standardized residuals and the squared standardized residuals extracted from the estimation of univariate GARCH-type models. In this view, the CCF procedure is straightforward and thus does not require the simultaneous modeling of intra-and inter-series dynamics as with multivariate GARCH-based tests. The CCF procedure is applied in two steps. First, a univariate GARCH-based model is employed in studying the time-varying in both conditional mean and variance of each return series. In this paper, this first step is broadened by applying different univariate specifications of GARCH-type models to account for nonnormality, conditional heteroscedasticity, and asymmetric responses to positive and negative shocks. In this context, extensive specification tests are conducted for the most appropriate GARCH process and its corresponding error distribution. For all return series, the best univariate ARMAX-EGARCH or ARMAX-GARCH model specifications is selected on the basis of the Schwarz Bayesian Information Criterion (SIC) which is known for leading to a parsimonious specification (Beine and Laurent, 2003) , instead of an ad hoc selection. Next, the standardized residuals and standardized squared residuals series from each univariate models are generated and then used to calculate the CCF. For each pair of standardized residuals (standardized squared residuals), the CCF is used to test the null hypothesis of no causality in mean (variance). This richer methodological framework, as compared to the one employed by Nakajima and Hamori (2013) , allows us to seize many of the salient features of the data and to more properly model the conditional mean and variance of the returns series. Misspecification in fitting a GARCH-type model together with an imprecise assumption of the error-term distribution may substantially undermine the efficiency of the related estimators. Such misspecification can give rise to a wrong assessment of mean and variance causal relationships and, eventually, to invalid input into the decision-making process. Analytically, the CCF approach is summarized below in accordance with Cheung and Ng (1996) and Hong (2001) .
Let O t and S t be oil and sector returns in day t, respectively, the ARMAX-EGARCH process is then can be written as
where ε t and φ t are independent white noise processes with zero mean and unit variance for O t and S t , respectively; d 1 , d 2 , d 3 , and d 4 are dummy variables for the day of the week effect; log(σ o,t 2 )and log(σ s,t 2 )-represent the log of conditional variances of oil and sector returns, respectively; γ is the parameter that measures the asymmetric responses of the conditional variance to positive and negative shocks of equal magnitude. Finally, k, l, p, and q are lag parameters that are chosen on the basis of the SIC information criteria. Now suppose that I t and J t are two information sets defined by I t = (O t-j ; j ≥ 0) and J t = (O t−j ; S t−j ; j ≥ 0). Then O t-1 causes S t in mean and variance if:
where μ o , t is the mean of O t conditional on the filter I t . We also suppose that h o , t and h s , t represent the conditional variances of the EGARCH models, and compute the standardized residuals ut = {(ε t − μ ε,t ) 2 /h o,t } and the squared standardized residuals zt = {(φ t − μ φ,t ) 2 /h s,t } from models (1) and (2) in order to calculate the M sample CCF which is then used for testing the null hypothesis of no causality-in-variance. To test this null hypothesis, Cheung and Ng (1996) has developed the following S-statistic:
where the sample cross correlation ρ̂2 uz ðjÞ is specified as ρ̂2 uz ðjÞ ¼ Cû z ðjÞ fCû u ð0ÞCẑ z ð0Þg À1=2 and the sample cross-covariance function is given by Cû z ðjÞ ¼
The S-statistic has a chi-square distribution with (M − i + 1) degrees of freedom. The null hypothesis is that there is no causality relationship in mean (variance) at all lags. However, Cheung and Ng (1996) give equal weight for each M cross-correlation even though the cross-correlation between two financial time-series diminishes with the increase of lags. Hong (2001) extends the S-statistic of Cheung and Ng (1996) by introducing non-uniform kernel weighting functions. He also demonstrates that his modified test is able to outperform the S-statistic in Monte Carlo experiments. The test proposed by Hong (2001) is given by
where k 2 (l /M) is the squared truncated Bartlett Kernel and C 1T ðkÞ
The Q-statistic is computed and compared to the upper-tailed critical value of the Gaussian distribution at an appropriate level. The null hypothesis of no causality is rejected if Q is larger than the critical value. However, the model discussed above may suffer from size distortions in the presence of a structural break in the conditional variance process (Rodrigues and Rubia, 2007) , or in case the causality-in-mean effects are not incorporated into the causality-in-variance tests. Therefore, we conduct pre-testing for structural breaks in the variances along the lines of Perron's (1998, 2003) . In addition, we eliminate the causality-in-mean effects on the causality-in-variance tests by including lagged returns in the conditional mean equation of the ARMAX-(E)GARCH model. This is hoped to eliminate any Granger causality in mean effect on the residuals as pointed out by Tamakoshi and Hamori (2014) .
Empirical results

Data set and preliminary estimates
The data employed in this paper are daily, and the sample period covers two sub-periods whereby each contains two and a half years before and after the political turmoil that started in the Arab world on December 18, 2010. While the post-Uprising period extends from December 18, 2010, to June 18, 2013, the pre-Uprising period is chosen to be sufficiently remote to reveal the impact of the uprisings and the social dislocations on the mean and the variance linkages between crude oil prices and the Jordanian sector indices.
4 Accordingly, the pre-Uprising spans the period from December 18, 2004 , to May 15, 2007 . It is worth noting here that the use of a less remote period would intersect with the global financial crisis period, during which the relationship between oil and stock markets, among others, has strengthened. Global oil prices, which are represented by the Brent crude oil spot prices (Bouri, 2015a (Bouri, , 2015b , are obtained from the US Energy Information Administration and they are expressed in US dollars per barrel. Sector indices are gathered from the Amman stock exchange and they are denominated in domestic currency (Jordanian Dinar). Specifically, we consider three sectoral indices constructed by the local exchange: Financials, Industrials, and Services. All variables are expressed in percentages using the first differences of the natural logarithms of the price multiplied by 100.
The summary statistics of daily return series in both periods are reported in Table 2 . In the period before the Arab uprisings, all return series have a positive mean, whereas Brent has this privilege only in the period following the Arab uprisings. In addition, Brent has the highest standard deviation on average in both periods. Among the sectoral indices, Financials has the highest standard deviation in the pre-Uprising period, whereas Industrials has highest standard deviation in the period post the Arab uprisings. As for the third and fourth moments, all return series exhibit non-zero skewness and excess kurtosis in both periods. There is a negative mean skewness for Brent, Financials, and Industrials, indicating that the return of these three series have long left tail; for Services, there is a positive mean skewness in the two samples, indicating that the return has long right tail. All return series have more peaked data distribution than a normal distribution.
To check stationarity of the conditional mean, the analyzed series have to be examined to determine whether or not they contain a unit root. This step is required to ensure that the parameters estimates in the GARCH-type process and causality models are reliable. Using the augmented Dickey and Fuller (1981) (ADF) approach and the Kwiatkowski et al. (1992) (KPSS) test, we ensured that the null hypothesis of the existence of a unit root is rejected at conventional levels in both periods and for all returns series (see Table 3 ). 4 We thank the reviewer for this suggestion. The period under study contains two sub-periods that are sufficiently remote from each other.
5 However, we carry out Perron's (1998, 2003) test of structural break for the period before the Arab uprisings and the period after the Arab uprisings. This test, which discloses the exact number of breaks and their corresponding dates of occurrence, trims the first and the last 15% of return observations of the sample period. The optimal lag length of this test is chosen by using the Akaike Information Criterion (AIC). The results of the structural break test (not reported here) show that all return series have no breaks in the variance during both periods. Therefore, we may safely proceed and estimate GARCH models and CCF causality tests. Furthermore, to ensure an appropriate fit, an extensive specification testing procedure is conducted for the conditional mean and variance processes of the return series. Specifically, the conditional mean is modeled within an ARMAX process to account for salient features of the data such as autocorrelation and day-of-the-week effects. As for the variance equation, several univariate GARCH-type processes are considered to model the time-varying conditional volatility of the return series as well as to account for asymmetry in stock returns. Table 4 presents the best univariate ARMAX-EGARCH or ARMAX-GARCH model specifications for each of the return series and the resultant parameter estimates. The specifications are chosen on the basis of the SIC information criteria that prefer simple specification (Beine and Laurent, 2003) .
For the period that preceded the Uprising, the specification tests indicate that the best models are as follows: ARMAX(1,1)-EGARCH (0,1) is the best fit for Brent returns, ARMAX(1,1)-GARCH (1,1) for Financials, ARMAX(0,1)-EGARCH (1,1) for Industrials, and finally ARMAX(0,0)-EGARCH (1,1) is the most suitable model for Services. Except for the constant term, several of the parameter estimates for the ARMAX model are statistically significant at 5% level, especially for Brent and Financials. The parameter estimates of the GARCH and EGARCH models are also statistically significant at 10% significance level. The GARCH term measures the impact of past volatility on current conditional volatility, whereas the ARCH term measures the impact of past innovations on current conditional volatility. The large magnitude of the GARCH parameter (ranging between 0.9505 and 0.8412) is an indication of persistence in the volatility process. It also suggests slow to gradual fluctuations of the conditional volatility over time. Except for Industrials, further specification test results show that most of the GARCH-based models estimated with the GED (generalized error distribution) outperform the models estimated with either standard normal or even Student t distributions. In order to assess whether each of the selected models has succeeded in addressing the problem of autocorrelation in residuals and squared residuals, we focused on the goodness-of-fit in all cases. As shown in last four rows of Table 4 , the Box-Pierce statistics indicate that there is no evidence of significant autocorrelation in residuals and squared residuals for up to 4 weeks or 20 lags.
In the period that follows the Arab uprisings, the results of the specification tests show that the ARMAX(0,0)-GARCH (1,1) is uniformly the best fit for all return series. Except for Industrials, several day-of-theweek effects are found to be significant at the 10% level. A part from the constant, all parameter estimates of the GARCH models are statistically significant at 10% level. Compared to the period before the Arab uprisings, the loadings of the GARCH parameters are lower and this indicates a decrease in volatility persistence in all sectoral indices. This suggests slower fluctuations of conditional volatility over time. One more time, the GED outperforms in all cases. Similar to the first sample, diagnostic tests indicate that the selected models are free from autocorrelation.
In Table 5 , Panel A and Panel B report the simple correlation coefficient between the standardized residuals of the return series and their 5 The global financial crisis period is omitted to avoid the influence of the crisis on the results. This point has been raised thankfully by one of the referees. squares, respectively. These can be interpreted in terms of contemporaneous causality between oil and equity sectors returns and volatilities.
As can be seen in Table 5 , correlations of oil are insignificant for all sectors. This result is uniform across the two samples and in both returns and volatilities. The lack of correlation may indicate that the information is not absorbed simultaneously by the international oil market and Jordanian sectoral indices. On the contrary, it may take some time before a possible transmission of risk and return absorbed and subsequently observed. In order to obtain further information on linkages between oil prices and sector indices and investigate causality at various periods, we estimate the causalities in mean and variance as mentioned previously. We turn to discuss these causality tests in the next subsection.
Causality tests results
As mentioned previously, the paper employs the CCF approach of Cheung and Ng (1996) and Hong (2001) to make an inference on causality between oil and Jordanian equity sectors. Table 6 reports the pvalues for causality tests in mean and variance for 1, 4, 8, and 12 periods. The numbers in the table represents the causality-in-mean and the causality-in-variance tests between Brent prices and each of the three Jordanian sectoral indices for the periods before and after the Arab uprisings.
The scale of Jordan's sectoral market is much smaller than that of Brent oil market. Therefore, it is counter-intuitive that mean and variance information are transmitted from sectoral indices to oil prices. Our results are consistent with these expected outcomes. The effect of causality-in-mean from sector indices to oil returns is insignificant for all periods. However, the causality-in-mean test provides evidence that the mean of Brent returns Granger cause Financials and the Services sectors' returns. The reaction is more delayed in the Financials sector compared to the Services sector. For instance, the information is absorbed with 12 days in the Financials sector, while it takes only 8 days for the effect to be transmitted to the Services sector.
These results are carried over across the period that followed the Arab Uprising in 2010. During this period, the causality is even more pronounced in terms of higher significance levels and faster influence in the Financials Sector. The influence of oil return innovations is absorbed within 8-day periods instead of the 12 days observed in the period that preceded the Arab Uprising. The faster transmission of influence is indicated by the higher significant levels and by the effect at shorter periods. No significant mean influence of oil on the Industrials is recorded during any period. Hence, we conclude that the Jordanian equity market sectors do react differently to oil return shocks.
As mentioned previously, before making any inference on variance causality, the causality in mean effects should be accounted for. The inference on variance causality is prone to bias if it is drawn in the presence of mean causality effects. To rule out the in mean influence, we re-estimate and compute the residuals after including the lagged returns in the conditional mean equation of the ARMAX-(E)GARCH models. This is done only to make an inference on variance causality of the Financials and the Services sectors where a significant causality in mean effects is found. 6 On the contrary, no lagged returns where included in the Industrials as the causality in mean for this sector is found to be negligible. Column 5 and Column 9 of Table 6 reports the p-values of the variance causality test. In column 5, we report the test results for the period that preceded the Arab Uprising, while in Column 9 we report results from the post Uprising sample. As can be seen in Column 5, the volatility of oil does not Granger cause the volatilities of Jordanian sectoral indices. Hence, we conclude that the risk transfer from the oil market to equity sectors is weak. However, we find a significant risk cross over from oil to the Industrials sector in the period that followed the Arab Uprising.
Interestingly, Granger-causality-in-variance to the Industrials sector is transmitted also over longer lags. The risk transfer is only significant at the 8 and the 12 day periods, while it is negligible at the 1 and 4 day periods. This indicates that the influence of uncertainty in the oil market is felt within an 8 day period in the Industrials sector.
While several studies reported evidence of faster informational linkages among markets during crisis periods (see, inter alia, Awartani and Maghyereh, 2013; Bouri, 2015b) , the evidence of delayed reaction suggests an inefficient processing of information by stock market participants (Bouri, 2015b) . The slow processing in return adjustment allows for a possible short-term arbitrage profit opportunities in Jordan. However, this finding contradicts with that reported by Al Janabi et al. (2010) who provide empirical evidence supporting the efficiency of some MENA markets such as the GCC equity markets.
After the Arab uprisings, the mean linkages between Brent prices and the Financials and Services sector indices increased. For the financial sector, this can be explained by the fact that even though Financials are not directly affected by the market conditions of oil as an 6 Cheung and Ng (1996) indicates that the results from the causality-in-variance tests between two variables are biased when there is evidence of causality-in-mean effects.
intermediate input in the production process, the financial sector is sensitive to political uncertainty. The latter has been ushered unwittingly by the Arab uprisings. Probably, the fear of government collapse has adversely influenced banking activities, leading to the expectations that financial firms profitability will decline. The financial sector is also sensitive to macroeconomic changes, such as the expectations about future inflation, the slope of the yield curve, and changes in monetary policy (Rumler and Waschiczek, 2010) . This result, which contradicts that reported by Jouini (2013) , is however consistent with the view that nature of the firms that make up this sector are indirectly affected by the role of oil prices as a leading economic indicator. It is well accepted that oil prices have macroeconomic impact and they are often seen as representing greater uncertainty in the aggregate level of output especially in oil-importing countries. In this sense, this finding confirms earlier results of Haddow et al. (2013) on that the financial sector is tied to economic uncertainty and, accordingly, it appears that firm performance in the financial sector is not insulated from oil market conditions. The situation is quite different in the relatively oil-intensive Industrials sector which usually receives considerable government subsidy. It could be that the Industrials sector remains relatively unaffected by oil volatility shocks when the crude oil markets were relatively stable in the pre-Arab uprisings period, while it is more exposed when the crude oil market stability was threatened by the Arab uprisings. This suggests that other factors besides the possible increases in the marginal cost of production may have played a role in establishing the risk linkages. Factors such as demand-side effects, the interaction among oil price changes, economic growth, and aggregate consumption may have all played a role in shaping the relationship. Another possibility is the fear of the government collapse and the suspension of fuel subsidies.
These empirical findings are inconsistent with the findings of Malika and Ewing (2009) and Arouri et al. (2012) , who find no evidence of a relationship between oil prices and the industrial equity sector in the US. These authors have reasoned that the development of an effective hedging strategy against unanticipated oil price changes is the most likely explanation of their results. Based on a different explanation, however, our results are somewhat consistent with those reported by Mohanty et al. (2011) in GCC countries.
Our results for the Services sector display a mean effect in both periods, with more pronounced return spillovers in the period that followed the Arab uprisings. Note that this sector contains two big companies that are heavily dependent on oil: these are the Royal Jordanian Airlines and the Jordanian Electric Power Company. Moreover, there is a big transportation subsector within the services sector that depends on oil. The influence in terms of returns may also suggest that the companies composing the sector are unable to pass through the higher cost due to increases in oil prices to final consumers. 7 The increase in oil prices is translated into lower profit margins and equity returns. Hence, we may conclude that equity investment in these companies cannot effectively hedge increases in oil prices. Finally another plausible explanation of the influence particularly during the Arab Uprising is the emergence of some additional challenges resulting from bigger exposures due to the rise in geopolitical risks.
Robustness analysis
To check the robustness of our results, we employ a bivariate model that jointly estimates the influence of oil mean and volatility on the sectors. In particular, we use the VARMA (1, 1)-BEKK-AGARCH (1, 1) model developed by McAleer et al. (2009) . 8 Unlike the CCF method where inference on the oil-equity relationship is derived in two steps, this model simultaneously estimates the return and volatility cross-effects of each market-pair under consideration. 9 The econometric specification of this model has two components: a conditional mean equation which A = πr 2 is specified as a vector autoregressive moving average process (VARMA) and a conditional variance equation that is modeled as asymmetric multivariate GARCH. Accordingly, for each pair, the conditional mean and variance of this empirical model can be written as
where R it (O t ,S t ) ' is a vector of daily returns of the oil price index and the stock sector index at time t, respectively; d 1 ,d 2 , d 3 , and d 4 are dummy variables for the day of the week effect; ϕ i0 is a (2× 1) vector of constant terms; ψ ij is a (2× 2) matrix of coefficients that allows for cross-sectional dependency between the conditional mean of oil and equity market returns; ε it is a (2 × 1) vector of error terms from the mean equations; ϑ ij is a (2 × 2) matrix of coefficients of the lagged residuals and it explains the propagation of shocks between oil and equities; η it is a (2 × 1) vector of independently and identically distributed (i . i . d) random errors; and finally
Þ with h o , t and h s,t being the conditional variances of stock and oil returns, respectively, and they are given by.
where C is a (2×2) upper triangular matrix of constants with elements c ij ; A is a (2 × 2) matrix of coefficients α ij that that capture the effects of own shocks and cross-market shock interactions; B is a (2 × 2) matrix of coefficients β ij that capture the own volatility persistence and the volatility spillover from market to another; G is each a (2× 2) matrix of coefficients g ij that capture the asymmetric effect for own markets and the asymmetric spillover from market to another. Finally C ' C is the decomposition of the intercept matrix.
The Eqs. (7) and (8) are estimated by using quasi-Maximum Likelihood (QMLE) which provides consistent estimates.
10 Table 7 reports the coefficients obtained for the periods before and after the Arab uprisings. The estimated parameters of the mean equations in Table 7 show that there is a negative and significant unidirectional shock transmission from oil price to all sectoral returns. The coefficients that measure the impact of oil in the table are denoted ψ 12 and they are all negative and significant. The influence in the opposite direction is captured by ψ 21 and as expected it is found to be insignificant.
The implication of these results is similar to the previous analysis. The unanticipated shocks in the oil market are transmitted to the Jordanian sectoral returns. The only difference here is that oil shocks are found to influence the mean return of Industrials as well; the sector which is found to be unrelated to oil innovations in the CCF analysis in the previous section.
The estimated loadings show that the impact is highest on the Services sector (−0.69) followed by the Industrials (−0.58) and then the lowest impact is on the Financials (-0.37). These estimates reflect the fundamentals of the sectors and the extent to which they are dependent on oil. For instance, the Financials sector is the least dependent on oil and therefore it is the least affected. However, the sensitivity of the Services sector reflects the vulnerability of the transportation and the utilities and electricity subsectors that heavily depends on oil. The Industrials should be also sensitive, but as this sector is the least regulated, it is the most able to pass on the increase in energy costs and inflation to final consumers.
It is worth to mention here that the sensitivity of sector returns has increased following the Arab Uprising in magnitude and significance. This was uniform across the three sectors. The increase in sensitivity is most pronounced in the Financials. This reflects an increased association with the oil market during periods which is characterized with political and economic uncertainty.
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The coefficients associated with ARCH and GARCH terms inform on volatility linkages and risk transfer. In terms of risk transfer, the results from the model also mirror the findings from the CCF analysis. In particular, we find low risk transfer from oil to all of the three sectors in the period that preceded the Arab Uprising. The parameters a 12 and β 12 are statistical insignificant and hence we may conclude that there is no short or long term volatility impact from oil to other sectors. The only exception is the Industrials where there is a significant long term effect but the short term influence is negligible. As for the period after the Arab uprisings however, there is significant long and short term risk transfer from oil to the Industrials sector only.
Overall, the results from the asymmetric multivariate GARCH model confirm the previous results in that the stock market at the sectoral level in Jordan is an oil price-and volatility-taker. 12 In addition, we have also estimated three multivariate GARCH models. These are full BEKK-GARCH, the VARMA-BEKK-GARCH, and the VARMA-DCC-AGARCH. The models are estimated to check robustness and also for comparison purpose. The AIC and SIC criteria show that all these models are inferior to the VARMA-BEKK-AGARCH model. However, the main results of these models are consistent with the VARMA-BEKK-AGARCH model. To economize on space, we do not present the estimation results and they are only available from the authors upon request.
Conclusion and policy implications
In principle, oil shocks are not expected to influence economic sectors in the same way. Therefore and unlike most of the prior studies that focus on the impact of oil on aggregate market indexes, we investigate causalities at the sectoral level. The analysis is hoped to be more informative and instructive to market participants in terms of oil impact and risk transfer to equities. Our study focuses on Jordan as a model country in the MENA region that has a well-diversified equity market and an economy that is sensitive to oil. The nature of the oil equity relationship has been investigated in two samples that cover the critical time periods surrounding the Arab uprisings that started in Tunisia in December 18, 2010.
To investigate the oil equity association, we computed the CCF tests between oil and sectoral indices as in Cheung and Ng (1996) and Hong (2001) . These tests are conducted at varying scales of 1, 4, 8, and 12 days for both the mean and the variance association tests of oil with each of the three sectors composing the Jordanian stock exchange market. These sectors are the Financials sector, the Industrials sector, and the Services sector. The robustness of the test results are checked by employing a bivariate VARMA (1, 1)-BEKK-AGARCH (1, 1) model that simultaneously estimate the mean and the variance impact across the variables. As expected, our results illustrate that the impact of oil on equity sectors is heterogeneous and it varies across the two samples surrounding the Arab Uprising. For instance, the influence of oil shocks is significant on the returns of the Financials and the Services sectors, while it is insignificant on the Industrial sector. This holds to be true in both of the periods that surround the Arab Uprising. However, it is worth to mention here that the impact is more pronounced and it occurs at a faster scale in the second period that follows the Arab Uprising.
In terms of risk transfer, we found that the impact of oil volatility is negligible and that it can be safely ignored in assessing the volatility of the Financials and the Services sectors. However, there is significant evidence of risk transfers from the oil market to the Industrial sector in the period following the Arab Uprising.
The robust analysis based on multivariate GARCH confirms these results. The parameters of the mean equation are all negative and significant indicating the depressing influence of oil shocks on the performance of the three sectors including the Industrials. The loadings of the parameters show that the influence is even stronger in the period that followed the Uprising. Similarly, apart from the risk transfer to the Industrials in the second period, the evidence on volatility transmission is weak.
These findings highlight the importance of oil in assessing the attractiveness of these sectors. Oil is a factor that impacts the returns and the volatility of the three sectors and therefore, oil risk and return should be accounted for in formulating performance expectations for the purpose of investment and asset allocation in either domestic portfolios or in global portfolios that include Jordanian equities. In worldwide recovery when oil prices are increasing, the Services sector is expected to respond faster and outperform compared to the other two sectors. Because there is no risk transfer to Services, the sector will also outperform on a risk adjusted basis. Hence, an increase in allocation to Services on the account of the other two sectors may enhance portfolio efficiency.
Similarly, our results are also important to formulate risk expectations regarding the sectors. The risk transfer from oil to Industrials is significant while it is negligible to Services and to Financials. This indicates that forecasting the risk of Industrials can be improved by accounting for oil volatility. On the contrary, oil risk can be safely ignored in modelling and forecasting the expected volatility of Services and Financials.
The risk transfer information from oil to Industrials can be also useful in managing the risk of portfolios. For instance, in the face of uncertainty in the oil market, portfolios may increase allocation to Financials and decrease allocations to Services and Industrials in order to alleviate the negative impact on portfolio returns and volatility.
Overall, our results shows that the Industrials sector is the least exposed to oil return shocks while it is the most exposed to oil volatility information spills particularly following the Arab Uprising. Therefore, in global portfolios that contain oil, the Industrials sector is the most diversifying in terms of returns while it is the least diversifying in terms of volatility products. Therefore, in these portfolios, the Industrials provide another source of return exposure and the Services and the Financials provide a different source of volatility exposures. These results can be important in diversifying the sources of returns and risk and in managing portfolios that contain oil.
